Introduction {#Sec1}
============

Sleep disturbances cause higher risk of developing several pathological condition, as hypertension, diabetes and gastrointestinal disorders \[[@CR1]--[@CR3]\].

It has been reported a decrease in semen quality in general men population and several research were carried out on this topic \[[@CR4]\] but very few studies have examined the relationship between sleep disorder and semen quality. In a cross-sectional study among 953 young Danish men from the general population, an inverse U-shaped association between self-reported sleep disturbances and semen quality was found \[[@CR5]\]. Likewise, a recent study found an inverse U-shaped association between sleep duration and two semen parameters (semen volume and total sperm number) \[[@CR6]\].

We analyzed data from a study on the relationship between sleep disturbances and sperm parameters in men of couples seeking help for infertility.

Patients and methods {#Sec2}
====================

Couples with primary infertility, seeking evaluation and treatment at the Fertility Clinic of San Raffaele Scientific Institute in Milan were invited to participate in a cross-sectional study on the relationship between lifestyle patterns and fertility. Male partners who agreed to participate, consecutively observed during the study period, with or without a medical history of reproductive organ diseases (cryptorchidism, varicocele, orchitis, testicular torsion) were eligible for the present analysis. Exclusion criteria encompassed of the presence of systematic and chronic diseases (e.g. renal and liver disease, type 2 diabetes), osteometabolic disorders and malignancies. To reduce geographic and racial heterogeneity, only Caucasian men were enrolled. Based on these data, 18 men have been excluded. There were 382 men evaluated from May 2014 to November 2016, all of whom completed an assessment questionnaire. All procedures were in accord with the Helsinki Declaration and all participants provided written informed consent. The study protocol was approved by the Ethical Review Board of San Raffaele Scientific Institute, Milano, Italy.

Each man was asked to complete a self-administered standard questionnaire on sociodemographic characteristic and general lifestyle habits (see Additional file [1](#MOESM1){ref-type="media"}). Moreover, men were asked to fill a standard sheet to document common use of drugs or presence of chronic diseases. Reproductive organ diseases were self-reported and then checked with medical record.

In order to evaluate sleep disturbances, the participants were also asked to fulfill some questions regarding subjective insufficient sleep, difficulty in initiating sleep, difficulty in maintaining sleep and early morning awakening changing in part those proposed by Ohida et al. \[[@CR7]\].

Men were instructed to abstain from intercourse for 3 to 5 days before semen analysis. Only complete samples obtained by masturbation and collected into a plastic container were evaluated after labelling them with the date and time of collection. All seminal fluid examinations were carried out by the same biologist (VB). The semen sample was immediately delivered to the laboratory after collection in the clinic and incubated in a 37 °C incubator. Duration of complete liquefaction (\<1 h) was documented, until 1 h was reached. Semen analysis was performed with standardized methods according to the newest World Health Organization semen analysis manual. Semen volume was measured by weighing, assuming a semen density of 1.0 g/ml; sperm concentration was assessed in duplicate using an Improved Neubauer haemocytometer, with volumes of semen being dispensed using a Gilson Microman M25, M50 or M250 positive displacement pipette (Gilson UK, Luton, UK) as appropriate to the dilution being made. The following variables were taken into consideration: volume (mL), sperm concentration (n/mL) and motility (%). Sperm motility was graded into total (progressive + non-progressive motility) and progressive motility. Total sperm count (volume × sperm concentration) was also calculated. Reference values from the WHO semen analysis manual were used to assess sperm concentration and motility \[[@CR8]\]. In presence of a pathological semen analysis, men were also referred to an andrological examination. The SEMinal QUAlity studies (SEMQUA) checklist was followed to improve accuracy and transparency of the study \[[@CR9]\]. Both an internal and external quality control programme \[European Society of Human Reproduction and Embryology (ESHRE)\] has been established in the laboratory in order to control random and systematic errors and interlaboratory differences. All the personnel was trained based on the ESHRE Special Interest Group in Andrology Basic Semen Analysis Course.

Because of the non-normal (skewed) distributions of semen quality, at univariate analysis, semen parameters were described as medians and interquartile range (IQR) and groups were compared by means of Mann-Withney U test. To perform a multivariate analysis including potential confounders, semen parameters were cubic-root transformed and compared using a general linear model on transformed values. All reported *P*-values are based on two-sided tests and compared to a significance level of 5%.

Results {#Sec3}
=======

A total of 382 men aged 26 to 67 years (median age 39 year interquartile range 37--42) were recruited and answered to questionnaire. As shown in Table [1](#Tab1){ref-type="table"}, at univariate analysis, among current smokers, smoking 10 or more cigarettes per day was associated with lower semen volume, as compared to smoking 9 or less cigarettes (*p* = .05). The presence of reproductive organ diseases was associated with lower concentration (*p* = .002), total sperm count (*p* = .04) and motility A + B (*p* = .01). A + B motility was also lower in overweight men (Body Mass Index-BMI ≥ 25.0; *p* = .05). A total of 46.3% reported having insufficient sleep. Among these, 37.8% had difficulty in initiating sleep, 24% lying awake most of the night and 46.2% had early morning awakening. Lying awake most of the night was associated with lower A + B or A motility (respectively *p* = .02 and *p* = .04) whereas men with difficulty in initiating sleep had lower semen volume (*p* = .003) and higher sperm concentration (*p* = .05).Table 1Median semen parameters (interquartile range) according to selected characteristics and to sleep disturbancesN patientsSemen volume (ml)Sperm concentration (millions/ml)Total sperm count (millions)Motility (A + B) (%)Motility (A) (%)Overall3822.5 (2.0--3.0)30.0 (10.0--50.0)60.0 (23.8--120.0)50.0 (40.0--60.0)35.0 (20.0--45.0)Age (years)  ≤ 371252.5 (2.0--3.0)20.0 (7.0--50.0)60.0 (20.0--120.0)45.0 (35.0--55.0)30.0 (20.0--40.0) 38--411142.5 (2.0--3.0)30.0 (15.0--55.0)70.0 (30.0--120.0)50.0 (40.0--60.0)35.0 (25.0--45.0)  ≥ 421112.5 (2.0--3.0)30.0 (10.0--50.0)60.0 (22.5--125.0)50.0 (30.0--60.0)35.0 (20.0--50.0)Reproductive organ diseases No2912.5 (2.0--3.0)**30.0 (15.0--50.0)** ^**a**^**60.0 (30.0--120.0)** ^**b**^**50.0 (40.0--60.0)** ^**c**^35.0 (25.0--45.0) Yes912.5 (2.0--3.5)**20.0 (5.0--40.0)50.0 (12.5--120.0)40.0 (30.0--50.0)**30.0 (20.0--40.0)Children No3102.5 (2.0--3.0)30.0 (10.0--50.0)60.0 (21.0--120.0)50.0 (40.0--55.0)35.0 (20.0--45.0) Yes722.5 (2.0--3.0)30.0 (10.0--50.0)62.5 (30.0--120.0)50.0 (37.5--60.0)40.0 (25.0--50.0)BMI  \< 25.001952.5 (2.0--3.0)30.0 (15.0--50.0)61.3 (30.0--120.0)**50.0 (40.0--60.0)** ^**d**^35.0 (25.0--45.0)  ≥ 25.001852.5 (2.0--3.0)30.0 (10.0--50.0)60.0 (20.0--112.5)**45.0 (30.0--55.0)**30.0 (20.0--45.0)Smoking No2782.5 (2.0--3.0)25.0 (10.0--50.0)60.0 (22.5--125.0)50.0 (35.0--60.0)35.0 (25.0--45.0) Yes1042.5 (2.0--3.0)30.0 (10.0--50.0)60.0 (27.5--100.0)45.0 (40.0--60.0)35.0 (20.0--45.0)  0--9 cig/day47**2.5 (2.0--3.0)** ^**e**^25.0 (10.0--40.0)51.3 (20.0--90.0)45.0 (30.0--50.0)35.0 (20.0--45.0)   ≥ 10 cig/day57**2.0 (1.5--3.0)**30.0 (15.0--60.0)61.3 (30.0--100.0)50.0 (40.0--60.0)37.5 (30.0--45.0)Alcohol intake Never1842.5 (2.0--3.0)20.0 (10.0--50.0)52.5 (15.0--100.0)50.0 (40.0--60.0)35.0 (25.0--45.0) Ever1982.5 (2.0--3.0)30.0 (10.0--50.0)75.0 (25.0--120.0)50.0 (35.0--60.0)35.0 (20.0--45.0)Subjective insufficient sleep Yes1772.5 (1.5--3.0)30.0 (10.0--50.0)60.0 (20.0--120.0)45.0 (40.0--60.0)35.0 (20.0--45.0) No2052.5 (2.0--3.0)25.0 (10.0--50.0)62.5 (25.0--120.0)50.0 (35.0--60.0)35.0 (25.0--45.0)If answered Yes:Difficulty in initiating sleep Yes67**2.0 (1.5--3.0)** ^**f**^**30.0 (10.0--60.0)** ^**g**^60.0 (30.0--120.0)50.0 (40.0--60.0)40.0 (25.0--45.0) No107**2.8 (2.0--3.5)25.0 (8.0--50.0)**47.5 (17.0--137.5)45.0 (35.0--55.0)30.0 (20.0--45.0)Lying awake most of the night Yes412.8 (1.5--3.0)20.0 (10.0--40.0)42.5 (15.0--120.0)**40.0 (35.0--50.0)** ^**h**^**30.0 (20.0--35.0)** ^**i**^ No1302.5 (2.0--3.0)30.0 (10.0--60.0)60.0 (22.5--120.0)**50.0 (40.0--60.0)40.0 (20.0--50.0)**Early morning awakening Yes802.5 (2.0--3.0)30.0 (9.0--50.0)60.0 (23.0--130.0)45.0 (35.0--60.0)35.0 (20.0--45.0) No932.3 (1.5--3.0)30.0 (10.0--50.0)51.3 (20.0--120.0)45.0 (40.0--55.0)35.0 (20.0--45.0)Bold results are statistically significant*BMI* body mass index^a^p = .002^b^p = .04^c^p = .01^d^p = .03^e^p = .05^f^p = .003^g^p = .05^h^p = .01^i^p = .04

We performed the multivariate analysis of sleep disturbances in strata of reproductive organ diseases, BMI and smoking, characteristics significantly associated with at least one semen variable, as shown in Table [1](#Tab1){ref-type="table"}. In absence of reproductive organ diseases, semen volume was lower in patients with difficulty in initiating sleep (2.0 ml, IQR 1.5--3.0 vs 3.0 ml, IQR 2.0--3.3, *p* = .01), whereas in presence of reproductive organ diseases motility A was lower in patients with early morning awakening (25.0%, IQR 15.0--35.0 vs. 40.0%, IQR 30.0--50.0, *p* = .001). In overweight men, semen volume was lower in patients with difficulty in initiating sleep (2.0 ml, IQR 1.5--3.0 vs 3.0 ml, IQR 2.0--3.0, *p* = .03). Moreover, among current smokers, patients with difficulty in initiating sleep had semen volume lower (1.5 ml, IQR 1.5--2.5 vs 3.0 ml, IQR 2.0--3.5, *p* = .0003) and sperm concentration higher (40 millions/ml, IQR 15--60 vs 10 millions/ml, IQR 5--50 *p* = .03) but total sperm count was not significant different.

Discussion {#Sec4}
==========

In our study some of sleep disturbances appeared associated to semen quality; in particular lying awake most of the night were associated to lower motility and difficulty in initiating sleep appeared associated to lower semen volume and higher sperm concentration. In absence of reproductive organ diseases, semen volume was lower in patients with difficulty in initiating sleep, whereas in presence of diseases motility A was lower in patients with early morning awakening. Moreover, in overweight men, semen volume was lower in patients with difficulty in initiating sleep. In current smokers, patients with difficulty in initiating sleep had semen volume lower and sperm concentration higher, but no significant difference of total sperm count.

Potential limitations of this study should be considered.

The information about sleep disturbances was self-reported, thus some misclassification may occur. Moreover, we analyzed men of couples attending to a Fertility Clinic and as such the results of this study could not be generalized. Other sources of bias, including selection or confounding factors, are unlikely to have produced marked effects, especially considering that men were interviewed in the same institution, before semen analysis results were available, and that participation was practically complete. Lastly, a main limitation of this study is that information on sperm morphology was not collected.

Among the strengths of this study, we had the opportunity to analyze the role of sleep disturbances in men with or without other condition associated with infertility and also of taking into account the role of potential biases, such as smoking and BMI, that have been reported to be associated with semen quality \[[@CR10]\], but residual confounding may still have been present.

Few data are available on the relationship between sleep disturbances and semen quality. A Danish cross-sectional study found an association between sleep disturbances and sperm concentration, total sperm count and morphologically normal spermatozoa but lack to find an association of sleep with motility \[[@CR5]\]. We found, conversely, some characteristics of poor sleep quality associated with lower motility, lower semen volume and higher sperm concentration. In a cohort of Chinese male students, either excessive or restricted sleep duration was associated with decreased semen volume and total sperm number \[[@CR6]\].

About the biological mechanism underlying the relationship between sleep disturbances and semen quality, it has been observed that a lack of sleep increased cortisol level, which is able to cause sleep interruptions decreasing thus the duration in hours and sleep quality and testosterone level \[[@CR11], [@CR12]\]. Recent evidence has shown that sleep deprivation in the animal results in structural testicular abnormalities and reduced sperm quality (in particular sperm motility reduction) \[[@CR13]\]. Moreover, Jensen et al. found no associations between serum reproductive hormone levels and sleeping disturbances \[[@CR5]\].

In addition sleep disturbances can be associated with an unhealthier lifestyle: e.g. smoking and overweight, factors influencing semen characteristics.

Because sleep disturbances and a decrease in semen quality are increasing in contemporary society, further studies in order to elucidate the relationship between sleep quality and semen parameters may have important public health implication.
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